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FORMATION STRENGTH PAWU4ETERS FROM ACOUSTIC AND DENSITY LOGS
IN EMPLACEMENT HOLES

ABSTRACT

A new acoustic tool for dry emplacement holes has been built
and tested in sevei-al emplacement holes. This tool uses a
large hammer source and 3 piezo-electric transducers that
are independently pressed against the borehole wall.
detectGrs are 6,

The
~ and 12 ft from the hammer source. A pure

gel is injected between these detectars and the borehole
wall to eliminate any air space. The compressionzl wave
travel time and the shear wave travel time are recorded at
each detector. The compressional wave velocity (V ) and the

Pshear wave velocity (Vs) are calculated from the t avel time
differences between Che 3 detectors and their separations of
3 and 6 ft.These velocity values along with the bulk density
obtained from the density log are used to calculate the
Elastic Constants of Young’s Modules, Bulk Modules, Shear
Mudules and Poisson’s Ratia. These elastic moduli compared
favorably to some core derived elastic moduli obtained from
emplacement hole U19ba. These mechanical rock properties
are presently used in phenomenolcgical analysis and seismic
verification assessment.

The ‘1
5

velocities obtained from the acoustic logs in U19ba
and U mt compared reasonably well with the geophone survey
velocities from these emplacement. holes. The only major
differences occurred in the fracture intervals of I19ba
where the frii~ture intervals were identified with the
borcholc camcrd. The qeopnone velocities were much less
than the acoustic vclocltics in these fractured intcrv~]ls.
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INTRODUCTION

Source region characteristics of underground nuclear
explosions and the formation strength parameters in this
region are presently being investigated for verification
purposes. Calculations of the effects of underground
nuclear explosions require reasonable knowledge of the
compressional (Vp) and shear (Vs) wave velocities and also
the density (D) of the geological materials above the source
region. Combining these physical parameters yields the
formation strength parameters of Young’s modulus, Bulk
modulus, Shear modulus and Poisson’s ratio anlithese
parameters can be used to characterize the elastic behavior
in the linear elastic environment above the source region.

The Vp and Vs/pR (pseudo Rayleigh wave velocity) velocities
are calculated frorrthe compressional and shear/pseudo
Rayleigh wave travel times that are measured irlemplacement
holes by the Los Alamos Dry Hole .Rcoustic Log (LADHAL). A
relatively low frequency energy wavelet follows tile
compressional wavelet and this low frequency wavelct has
been identified as a pseudo Rayleigh wave,reflected conical.
wave or shear normal modes. Theoretical analysis (Diet,
1952, Cheng and Toksoz, 1981, Paillet and White, 1982 and
Paillet and Cheng ,1986) describe these waves. An estzimatc
of Vs can be made from the Vs/pR data (Newmark, 1987) .
Empl.acemcnt holes are air filled and uncased and have a
diameter of 8 Ct (2 44 m) and a depth range of 600 to 3000
ft (185 to 915 m). The LAD1lAL tool is a full-waveform
acoustic-logging dcvicc that operates aqairlst the borcholc!
wal 1 and has a hammer source and three recciver~. The
spacinq between the hi~mmer impact area nnd the three
rnceivcrs is6 (1.~3 m), 9 (2.”74m) and 12 It (3.66 m) (:;ee
Fig 1). Comprc:;:;ic>n~llilnd~hcar/pseudo l?tlYIC>ifJIl W[lvc?

tri~vcl time:;(~rcme;l::llrcdin ciich rccc~vcr ~il?d“J
compreu~ ionillilnd I st~e,lr/pseudollt~ylciqhvclocit.i~>:;,Irt’
CCIlCUliltC?d. Thc!r;cvelocities ill_C c(llculilkedb[!t-.wv{’r,tilt’()
to 9 ft rrcf?iv(:r:;,the 9 to 12 ft r(’t:{”ivot-:;,In(it-l](’(,t-u l;!
it r~criver:;. ‘1’tlc:;t)~~,lr/T):;c?ll(l[)Rilyl C’i CJll vl’lo(:it-yi:;
(Qunvvrt(:(lt:o:;rl[’ilrv{~lc)city. ‘1’hed(?n:;it.y d,lt,l,If-f’,I(:([[liI.(111
II“om thf ’ (Jil MM(l-fJilllllllil back:;cltt~~r(If’n:;ity10(J. ‘I’t!(’::1.’(-1!11.:!1
,1.-e(,:oml) inf”(it-o(Ietorminf.’thf’ for-miltion :;t-rt’]](jth(11-(’l,l:;ti~’
[~(lrllmf’t.f’l-:;of thr 1inl’l]t-olrl:;t-.i(:I-fvli[)ll;II)OV(*t-t~{’I) II(”l II(II.

flxl)lo:;if)ll:;[)llf-(”f’!11-(’,1.

A(”oll:;’1’1(”!;()[11{(”1;IFIVI(!;’I’I(;A’I’ION

‘1’l)f~:;tlIIIIllII-f!:;t)lll”(.1’It)ll)f)tfIIIf)lf*,1~’oll:;li[’I()[lflill(ji::[Ilf)
I)if!;:(]fllfl(”tIif”:;(]I
fl)l”Illl”lJ(’I)I)I(J(
,IttII(1r~(~v,l(l,l‘]’(.:
I()()!il’ly(“l:’J])(l(’lf’(
lliflllf~l”(*IIIIIIIY ::01

(Oll,lt.,1(’lf’t i::tit”:;:
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1) no chemicals, explosives, high pressure or potentially
hazardous devices could be used;
2) consistent energy levels;
3) a frequency response suitable for obtaining accurate
first break compressional wave speed times in formations
with velocity ranges of 2000 to 20000 ft/s (600 - 6000 m/s) ;
4) sufficient energy so that a receiver could detect the
source signal at a distance of 15 ft (4.6m) from the source;
and
5) high reliability, low maintenance and low operating
costs .

An investigation of possible sources revealed that Southwest
Research Institute (SWRI) had developed an arc-discharge
source that was used in undersea surveys. This source
emitted energy levels that were an order of magnitude larger
than piezoelectric transmitters of comparable size. SWRI
was contracted to develop a scurce smaller than the undersea
source, using the same principals and suitcible for a dry
hole environment. SWRI produwd an arc-discharge source and
the documentation detailing the design, construction and
testing of this source. ‘l’hissource was powered at 18.4 ft
lbs (25 joules) and compared to a piezoelectric source
powered at 0.8 ft lbs (1.1 jGules). The two sources were
physically about the!same size and weight. The signals
dctectcd from these two sources showed that the arc-
dischi~rgc transducer was 13 db larger in rcceivcd energy
than the piczoelectric transducer iindthe arc-dischar-qc
triinsducer had faster rise times and higher frequency
contents than the pie~oclectric tran:;duc:cr.
F’icldtp:;tinq under actual loqging conditions revealed t.h,lt
the SWR1 arc-discharqc tri]nsduccr source wi~~ sti 11 too :;mi~! 1
for the intendmi dry hole acoustic USC. ‘rile power
rcquircm(’ntsu:;12dl“orthe arc-dischilrqe t.ri]ncduccrwc>rc
reilsorlilbl~’ con:;iti~’rinqthe loq(~inqCilhlC!1imit.,]t.ion:;,but to
continuc~ to dc’vclo~J[!lect:l.ic(~lIy powpred :;ourct’:;witl~ hi[jtl(flr
Pner-qy output.!;would not.bc l“(’(l:;ibl(’.An inq/[’:;tif],]tion [)1
m~’cl~,]ni(:ll1 :;011r-(:(~:;W(l!;bequll.
A w(”i(~lltdrot):;y:;t(*mwi~:; inve:;tiq,ited, ‘1’111.’rc’w[’rt’l:O1l(:(*l-II:;
,Il)o{ltf~fl(irqyr{~(~uirrment.:;to 1if“tt.horoil:;:;,!“rc(~~l(’t~cy
t.(~:;p(]n:;u0! tlI(*,](:~]u:;ti(::;iqn,lI ;In[lno i::[.’q~.’nt’r~~t.ic.11f1’0111

t-h(~ !’,111iflljm(l:;:;. l“i(.’][lt~’:;t.infjwith ,1 12 II)().’)K(j)
::1(’~itjf’ Il,lmlnftf” f~!:t,l])l i::l]f~(i ttlclt il !: i(JILl I !It l’) It (4.() m)

(:0111(1 11(’ l“(’!l:;ol}!ll)ly(l(’t(’(”t(’(i. llt*l(ItcI(’c)mmitt imj to ,]
1,11Iill~jroll:;::::01111’{*,,111ff loft w,l:;nl,ltloto [[)nl]),ltf~,1tlitlll
In,l:;:;,If)wvf’lot”ity::olllt-f”10 ,1 l~)wm,]::::,t~ifjl]vl’l(]t’ity
:;(IIII-( ’(J 01 (.( [11,1 I I~t](~t’(ly.A .;!;?(0,11il)f’t”II[)ll(jl{il1[~l)i:;t[ll
1)111It’tI)rl::(“[1111 ]l,ll’ (11)1(’ f’111’l”(lyto II l.!])0111, (1 11111111111’1’(ll”()} )1)1.(1

I I’oln II I),,i(jl]t 1)1 ht. A. Ill ~’,11 it)c~~ I)i:;t[)l 1)111 If*l wl]it,tl
11!1:; III(JIC* 11111’I(Iy tlllltl f’ittlf’t WiI:i ,11::()(“l)mlj,it~’~1.
A :;imlllt’t{’:;lillv(llv(’[1I.lyillfjf)llt:;[)mt~}jii~x[)f~lflt.tti~”
t{*{”f.ivt,l-:;l.[~t-t,ii~l~li:;t,lt](.(~::1I’0111 ,1 !; OIII”(”(* trll’(~l*l . ‘1’11(’
:; OIII” I”I” I,ll”(ji’t “4011!,1 I)(1 ::t tilt-kI]ytll~’11,1111111(11” ,11111 t Ill’ I)Illl{jt:;.
All{)::t”iI]~):;(.()])t,],111::1*w, I:; Ij(II~III,I~(IIl ,I:; tll{, itlit i,ll I.III~IIjy (



to initial time) arrived at the source target by the source
mechanism ( hammer or bullets ) crushing 2 thin sheets of
metal foil separated by a thin she~?tof paper, which
completed an electric circuit. The energy transmitted to
the rock material under the source target (soft soil,
sandstone and dolomite ) was later received by the
piezoelectric detectors. The detected results indicated
that very little acoustic energy was transmitted to the rock
material by either bullet. Evidently the high frequency
energy transmitted into the rock material was quickly
attenuated because only a very small response was detected
at the receivers. The hammer source transmitted a
reasonable amount of energy into the rock material because a
large response was detected at the receivers.
The hammer was chosen as the source and other benefits
became apparent. These were:
1) the hammer would rebound according to the coefficient of
restitution of the rock material;
2) the period of the hammer was long compared to the
velocity of the rock material and did not interfere with the
recording of the speed of the signal; and
3) the hammer source characteristic:; adapt to the type of
rock material to produce optimum trar:smission and recording
results.
In high velocity, hard rock materials the hammer rebounds
are larqe, very little energy is expe’l(leqin rock crushing,
the hammer energy .istransmitted quickly i.l~tothe rock, and
most of the enerqy transfer is elastic. A low energy but
hiqh frequency acoustic signal is transmitted in high
velocity, ha~’d rock material. In low velocity, soft rock
matc”rials the hammer rebounds arc small , most of the hammer
rnerqy is ;~bsorbcd, substantial rock crushinq occurs, and
low frequency cncrqy is trilnsmitted A hiqh energy but low
lr~!quencydcou:;tic siqndl is transmitted in low velocity,
:;o!t rc]cknl,lt~ritll. A[)~Jroxlmdtclythe :;[lmc,~ccur[]cyof”WIIV(S
i;pL~cIdm{l,l:;[lrc’m{,nt(.,lnbc mi~dcthroughout the vc Ioc it.yr~~n(J{~
o !’rock m,it{’riil!~ikt.h(’ NT:;using t.hchilmm(’rsource.

ACO(J!;’I’IClllt’1’ltC’1’ORINV1:!;’I’ICA’I’1ON



air gaps, effect of various membranes, and the effects of
adding various types of interface ma~cri.als.

The laboratory tests contained a piezoelectric transmitter
fired with a pulse of adj:lstable amplitude. Various
materials were used to transmit sound, including wood beams
(8x6x50 in, 20x15x153 cm), steel plates (1/4 in, 0.64 cm
thickness) , and rock slabs (sands one and granite) . The
receiver was the same as the transmitter. The signals from
the receiver were recorded directly on a Nicolet digital
scope and stored on disks. A synchronized pulse from the
transmitter was used to trigger the oscilloscope and pro-~ide
a time reference that was ~.sedto judge relative respor~,se
only and not to determine actual travel times through tl;e
materials.

The resultant waveforms were studied comparati’~ely and
several design factors became apparent. Coupling
characteristics could be changed by adding pressure to the
transducer to force firmer contact; by adding various
fluids, gels, and compounds to the interface between the
transmitter and the medium; and by inserting various
materials between the tra~sducer and tt,emedium. The
various coupling characteristics obtai~sd from tests were:

1. Coupling affected amplitude of the acoustic arrivals and
the iipparent travel time. As coupling improved, the first
arrival was detected earlier (by first break and by peak) by
as much as 50 micro-seconds, and the amplitude of the first
arrival increased by a factor of 10.

?. . Coupl ing Wi]s degraded as the surface area oi’the contact
was rcduccd.

3. Coupl inq improved ii:;air wi~s displilccd with i] pure qcl.
Compounds, such as l,ubri~pliite,t~ndcd t.o i]b~[.)t-b il(:ou~ti~
ener(ly,Indcent.ribut.()t.o iltterllliltioll.

‘) . ‘I’ll{’t.(’(:t]l]i(]llf’of II::illfj,1 fIuid 1 i1l(vI 1),1(J,1:;,~t~
illt(’1.f’,](:f’t()L:(J(,})I(It I-, II I:;(II.I(”(I r-:; t:o dry I-(x:k (Ii(l wof.k,
1)(’(:illl!;(”<Illym,]t.(~ri(~lu:;(l(It.()(:ont,;lin ttl(~flui(i,In(lt-()[l(-]tl
(*IIOU(JI1t()w ith:;t,Ill(i I)ol”l’tlol (?” t“u(~():: it y ,l(:t (.wI ,I:; ,111

{It t(’llll,l tot’.



i’. If the coupling characteristics of the receiver
transducers are not the same, there will be inaccuracies in
the time measurements.

8. The effects of poor coupling are more noticeable as the
velocity of the medium increases.

9. A membrane or thin plate of any material tested
(plastic, rubber, leather, tin, lead, paper, etc) placed in
the interface between the transducer and medium would
attenuate the signal, but if the membrane or plate was
coated on each side with a gel, the effect of the membrane
was indistinguishable from an interface containing gel only.

10. The transducer should not be mounted to any support
which may act as a vibrating member. The mass of the
receiver appears not to be a major factor in improving
transmissibility, if contact force can be applied.

11. The amplitude of the first arrival is directly
proportional to the amplitude of the voltage pulse firing
the transmitter.

The decision to cl~mp the receivers with about 25 lbs (11.4
kg) of force and to inject a gel into the interface k~etween
the transmitter and the borehole wall to displace air were
made from these tests.

SWRI was contracted to study the receiver design. They
recommended the development of shear polarized piezoelectric
transducers and designed, built and tested three
transducers. The laboratory tests, conducted under
controlled conditions , indicated that these transducers
were superior to transducers polarized along the radical
axis in sensitivity to :;iqnalexpected to radiate from the
side of the boreholc. ‘l’hepressure wave front radiates
vertically alonq the side of the borchole, and a transducer
sensitive to this directional wave would be superior.
Ilowever, field tests conducted on various exposed rock
S11rfilCC Ind concrct.c ~lilbsbelied this loqic. The standarcl
ofl’-thc!-shel!’:-adialtransducers significantly out-pcrforrncd
the :;WI?ltran:;d~lccrs in all field tests.

‘1’001,1)I;!;CR1[’’I’1ONANI)WAVEFORM:; J{l:CO1{DEII



The acoustic energy source is the 12 lb (5.45 kg) hammer
mounted at the upper portion of the carrier. The hammer
assembly slides on a track, which is acoustically isolated
from the carrier, to position the hammer properly for a
strike. An accelerometer is mounted on the hammer head
provides a trigger source for the oscilloscope. A belt
driven potentiometer measures the rotational position of the
hammer. The hammer is lifted by a starter motor which kicks
the hammer into the raised position where it latches into
place, until released by the air pressure actuated latch.

There are three receivers mounted at 6,9 and 12 ft (1.83,
2.-i4,and 3.66 m) spacings below the hammer impact point.
Each of the receivers are mounted on individual rams
adjusted to exert 25 lbs (11.4 kg) force. The receiver
assembly contains the three rams and the transd~l.cersub-
assemblies and provides for acoustic insulation from the
carrier. The receiver transducers are each mounted in foam
filled cylinders for insulation. There is a faceplate
attached to each transducer so that fluid can be pumped into
the device to displace the air between the faceplate and the
formation. The receiver amplifiers operate in two modes, a
high gain setting amplifies the compressional waves for
optimum recording and a low gain position allows the entire
wavetrain to be recorded with minimum distortion. The high
gain ,nodewill saturate later arrival~, and also must be
clipped to +/- 0.5 volts to minimize crosstalk effects,
since all three signals are transmitted live to the surface
in analog form. The low gain posit~on allows signals to be
recovered for shear wave picks and general signal analysis
(compressional waves are of course present but too weak to
pick accurately).

The tool is extended (opened) by hydraulic pressure and
retracted (closed) by air pressure. In addition to the ri:ms
on the hammer assembly and the three receivers, there arc
two reaction rams mounted on the opposite side of the
carrier. There is an emergency dump valve to dump the
hydraulic pressure should there be a failure which prcvcnt~
closing the tool while downhole. The squirter system forc~:i
a qcl out.of a orifice on the transducer faceplate t.o [iII
any ~i~ps between the trcanr,ducerand t.hc!formiltion. ‘1’ht?
:;quirter is OpC”rilt Cd ilS iitl opt ion ilnd t.llc quilnt it. y f)f llui~l
is; a f-unctionof the tim~ Op~rilt@d, u:;~]ill ly I’.I t.o 30
s~cond:;.
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The major components of the surface equipment are:
1. Nicolet digital oscilloscope;
2. depth measurement system;
3. control panel;
4. industrial 386 PC computer;
5. DC power supply;and
6. 660 VAC source.

The signals sent from the downhole tool are;
1. the three receiver acoustic waveforms;
2. hammer position;
3. hydraulic pressure;and
4. oscilloscope trigger.

The control signals from the surface are:
1. Extend tool;
2. Retract tool;
3. Release hammer;
4. Lift hammer;
5. Squirt fluid;
6. Emergency dump; and
7. Recording mode (compressional or shear wave).

A typical station record requires about five minutes. The
tool is placed into position by the winch operator and is
extended for about two minutes. The mode is set for shear
wave recording and the hammer is released. The waveforms
captured on the Nicolet oscilloscope and are transferred to
the PC computer which assigns file names to the data and
stores it. The hammer is lifted and the mode switched for
compressional wave acquisition. The hammer is released and
the data again is transferred to the PC computer. This time
the PC computer applies an algorithm to determine arrival
times based on first break analysis, calculates travel times
and velocities, stores the waveforms on disk, and stores the
calculated data in a data file. The operator can override
any machine calculations with vis~al picks and manual
inputs. After determining that the data is acceptable, the
t),~mmcr is Iiftcd, th(’ retraction process is activated, and
the Ciil-riel- is muV~d tu d llewlucdtion.

I’ost-jub proce~sing requires reviewing many (30%) of”the
~]utotni~ti~ picks KLTrcompression~l wave velocities by
exnrnininq t.hrwaveforms previously recorded and modifyinq
the d;]ti] I“ile. The wn-.~cformsare also qradcd i]~ to the
(]u~llit.yof thp first arr ivi~l and this i,nformat.ionis
included in t.hf7diltii l“ilc. When first br(~i~kfinre not WC1l
(1(1!in(~(l,et-her method:;might be uqcd, :;u~h i~~ pe,ik detect.ic)n
[)1- (i(~t.(’r-llli]litl(j con:;i:;t(~nt points ilt f;omr I(7VPI [lbovc! tile

l), I:; cII il)(’. TIIII :;l)c’i]r wiIvcIt.rilv~l times mu:;t tl~(’n be picked
.In(I l)rt)(:f’:;:;f’~1to (1(’t(’r”minc ttl(’

,.
:;t](l,lr v(~lo(..:lt.l (’:; . . l“in(]lly

(1’1(’(llltr](11”(’I)lt)tt(’(1,11)(1])r”(i:;(lllt(?d.



Experience has shown that the first strike of the hammer is
not the optimum for measuring compressional wave arrivais
because of energy expended in rock-crushing. Second and
subsequent blows yield superior results because the first
break has a faster rise time and is better defined.

Signal integrity is largely dependent on preventing
electrical or mechanical noise from distorting the waveforms
as they are recorded. The source assembly was acoustically
isolated from the ~arrier by pneumatic shock absorbers, and
was designed to free fall as noise. The trigger
synchronized signal is processed downhole to go high and
stay high for 10 ms so it will not interfere with signal
integrity. The diagnostic signals, hammer position and
hydraulic pressure, are brought to zero during this
interval. The hammer position indicator is used to record
rebounds. With further study, there may be useful
information gleaned from such data.

Examples of various waveforms recorded at a depth of 130 ft
(39.6m) in emplacement hole u19bg are exhibited in Figs 2
through 7. The compressional velocity at this depth is
approximately 3000 ft/s (915 m/s). The compressional
waveforms of P 130-1,-2 and -3 show good development and the
first breaks are easily identified. The closet waveform is
P 130-1 which is 6 ft (1.83 m) from the source and the
furthermost waveform is p 130-2 which is 12 ft(3_66 m) from
the source while P 139-3 is 9 ft (2.74 M) from the source.
A Fourier transform of these data ( see Fig 9) shows a
frequency peak at approximately 500 Hz. ‘rheshear/pseudo
Rayleigh waveforms for these same detectors, S 130-1, -2 lnd
-3, are well developed for all detectors and easily
identified. A Fourier transform of this dara ( see Fig 8)
shows a frequency peak of 200 Hz.
Examples of additional waveforms recorded at a depth of 600
ft (la2.’3m)in U19bg where the compressional velocity is
approximately 10000 ft/s (3048 m/s) are seen in Figs 9
through 14. Again the compressional waveforms are well
developed for all detectors (P 600-1 is 6 ft (1.83 m)from
source, P 600-3 is 9 ft (2.74 m) from source and P 600-2 is
12 ft (3.66 m)frwm suurce) and the first.breaks are easy to
identify. The frequency responses of this data shown in Fig
1,5have a frequency peak at approximately 1500 IIz. ‘rhe !ilr
detector, P 6C0-2, exhibits a double Peiik and a frequency
content range of 750 to 1500 Hz. The shear/pseudo IJayleiqh
waveforms are generally WC1l developed. The pseudo I{aylcigh
WFIVC Of the fal dctectol-, S 600-2, is not as WC1l developmi
i~~ the others bCCaUSC t.hi!; detector is probii~ly not well

COLIplc!cl tn bureho]e will]. ‘I”IIc!t’rcqupncy re%ponucs of”t.hi:;
dilt.;larc zhwwn in Fiq ~’>wh~rc ;ldouble pp,~kof’900” i~rld 100[)”
11x is sec’n f“orthe nci~r dct,ectors i~nd t.hv ~rcqu(’n(;y rps]w)n:;f~

of ([)()[) to I I’)(; Ilz i:; SCrn Ior the I ilK_ dct.C?Ctol’. I’oor
cuuplinf~ (JIthi:;d(ltu~:t.orpr”ot)flblyilL?L.{)dllt$; 101 it:; :;1 icJlltly
(ii!Ierunt rf’:;!)ol~:;o.From thr:;(’cx,lm])l(’:;,,]l]i(~ll1l-(~({[l{’n(’y



compressional wave is seen followed by lower frequency wave
that has been identified previously as a surface wave and
not a shear wave.

Newmark (1987) using Biot’s (1952) derived expressions fur
the phase and group velocities of axial-symmetric surface
waves along a borehole showed that in an air filled
emplacement hole with a diameter of 2.44 m, the pseudo-
Rayleigh velocity needed a small correction to convert this
velocity to shear velocity. The pseudo-Rayleigh velocity
was multiplied by a factor that varied from 1.04 to 1.14 as
Poisson’s ratio varied from 0.0 to 0.5. Using a multiplier
factor of 1.09 (this factor corresponds to a Poisson’s ratio
of 0.25) to correct the pseudo-Rayleigh velocity to shear
velocity only introduces a-+ 4% variation in the resulting
estimate of the shear velocity :or a range in Poisson’s’
ratio of C.O-O.5. It was also shown from laboratory
measurements and refraction surveys (Constantine and Bonner,
1980 and Carroll, 1986) that Poisson’s ratio varied from 0.2
to 0.4 for the NTS tuffs in areas 19 and 20. If Poisson’s
ratio is in this range than the uncertainty in the estimate
of the shear velocity due to the uncertainty in Poisson’s
ratio is only -+ 2%. All of the pseudo-Raleigh velocities
were increased by a factor of 1.09 and called shear
velocities.

VELOCITY RESULTS

A comparison of acoustic and geophone compressional velocity
was made in 4 emplacement holes of U3mt, U19az, U19ba, a,nd
U19bg . Also the bulk density from gamma-gamma backscatter
and gr~vity tools ,the stratigraphy, and the fractures
located by camera are compared to these velocities. A
routine geophone survey is accomplished with an air gun
source ~t the surface near the hole while a geophone is
hydraulically clamped at 50 ft (15.24 m) spacing downhole.
The results of these comparisons can be ::een in Fig 16
through 19.

The ch~racter of the bulk density curves and the acoustic
compressional velocity compare reasonably well in
emplacement hole U3mt ShGWtl in Fig 16.. Dense thin layers
shown by the gamma-gamma density probe are se~n as high
velccit.y layers by the acoustic probe. These dyers arc
basalt I’lowsor welded tuff units which have 1 ghcr
velocit ics finddensities. The gcophone compressionnl
vnlociti~:; do not hi~vcthe ~i~tn~ pat.tc!rni~s the {Icoustic
comprc:;:;i~n;llvelocit.it:;in thc~e thin hiqh velocity Iilycrs.
‘1’her;ldill:;Of i nv(:::t. icJilt. ion is tCIO l(lr(Jeiln(l velocity

~Jroperties ,Ire tlVC’I-Il(JC’Cl over liil-(j[’r ir.trrv(lls. ‘1’hc dcuus tic

c:omprc~ :::;iollil 1 Vc]ocitie:; (Jcrrer,ll ly il~r(2C l“(Til:;Onilbly WC] ]

wit:}l t,tl(” (j(~()})horl~t (:om~)rc~:;:;i(]nil] v[~l(jc:iti[>:; ;I~d[Iy I rom thp:;(~

thin hiqh vfnlc)[:ityl(ly(.’r:;.‘1’tl(’:;flrn{’]):ltt(’rlli:;:;(’(’nin Fitj



,

17 through 19 between the bulk density the acoustic
compressional velocity. Fractures that were observed in the
camera log are also shown. These fractures are generally
vertical cooling fractures. Dense intervals occur in these
fractured units and the acoustic compressional velocitj
increases also in these units. The geophone compressional
velocity generally does not correspond to these intervals
because the geophone technique has a larger radius of
investigation and averages the high velocity intervals with
the normal velocities. Also the fractured intervals appear
not to greatly influence the geophone compresslonal
velocities even though there may be some attenuation of
these compressional velocities.

No ultrasonic core p-wave information to compare with
acoustic or geophone p-wave information.

Generally no shear wave ir.formation is obtained from the
geophone surveys. At the present time no ultrasonic core s-
wave information is available to compare to the acoustic s-
wave data.

The comparison of the compressional and shear velocities and
the formation strength parameters or the elastic rnoduli for
three emplacement holes (U3mt, U19ba and U19bg) are shown in
Figs 20 through 25. The compressional and shear ‘/velocities
of each emplacement hole outline the zones of both weak and
competent rock. Poisson’s ratio 1s generally between 0.2 to
0.4 for holes U19ba and U19bq which are drilled .’nvolcanic
tuffs and basalts. Poisson’s ratio is less than 0.2 in hole
U3mt which is drilled in Quaternary alluvium and in part
less competent tufts. Also the elastic moduli of shear
modulus, Young’s modulus and bulk modulus are %hown.
Competent rock lilyersare outlined by these elastic
paramet.crs and wei~k units or intcrval~ arc i~lSo ~ecn.

lJrcscntly no compilrjson cilnbc m~dc of core clil:;tic
constarlt(sand log derived elastic constants.

CONCl,[Jf;ION!+
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Voli-lllli(- till I if) I{,ini(lr- r.1(’:;,i t II II IIOI! , N(’v, 1(1, ! ‘I’1$ ::! :;it (J,

rJ(’v!l(l[l, 11!;(:!;–4”/4–1;’1.



Cheng, C. H., and M. N. TGksoz, 1981, Elastic wave
propagation in a fluid-filled borehole and synthetic
acoustic logs, Geophysics, 46, 1042-1053.

Constanti?lo, M. S. , and B. P. Bonner, 1980, Ultrasonic
velocities and strength of Frenchman’s Flat alluvium, LLL
Report UCID-18862.

Newmark, R. L., 1987, Shear wave velocities from sonic logs
in emplacement holes, Fourth Symposium of Containment of
Underground Nuclear Explosions, US Air Force Academy,
Coloradc Springs, CO, Sept 21-24, 1987, 2, 89-134.

Paillet, F. L., and J. E. White, 1982, Acoustic modes of
propagation in the borehole and their relationship to rock
properties, Geophysics, 47, 1215-1228.

Paillet, F. L., and C. H. Cheng, 1986, A numerical
investigation of head waves and leaky modes in fluid-filled
boreholes, Geophysics, 51, 1438-1449.



ti.%S. ACOUSTIC THUMPER [BHSAT) ASSEMBLY

SWCK ISOLATORS –-

\

=ACT 10N RAM
\ \

\

‘\
-h

ml

-.
d

.4 >—

THUMPER ASSEMBLY

,/ -12 Lf3. ~

,/

==4
RI

/ PI EZOELECTR I C,/
/ TRANSDUCER

(RECEIVER I

II=-w

Y—=:3 I
LT

l-X 24- HYDRAULIC RAM



..-
-.

7
...
--
--

—

>

—

----—-- -:---

—:--==----



P 130-3 3900/2/4/2.33
:----s
----

—

—

—

..-

Eli
Illli

1 I 1 1 1

I

1
i:

,1 ~1

,, I
1

Ii
I ;1 II

I
,,, . . 1 1 1 1 , t L ,

--- ----
~~~~ 2000 2500 3000-,-- ,“””

- Vz 2000 USEC = 1000
3500



U19BG P 130-2 3900/2/4/2.70----- . .----

. .
--

—
—

>

--- .--,-
-.. U4”. ;50Q 2000 2500 3000 3500



S 13(%1 3900/10/20/0.84
7----:
.—- -

>

- i q~ 10000 USEC = 1000



S 130-2 3000/10/20/13.5
7--,- G
----

-.
--

—

—:- -s2---- —-- ---- ---- ..A-



----- .-----

—

—

=

5

TIME 10000 USEC = 1000



;m~’mm””
.’ II

I I i
I

■

-I’.’’”’”” ““”’:V

m
■

■



P 600-1 3900/1/4/1. 985

--
..-

—

—
—

5
—

50G -Uuu 13UU Luuu Lauu auuu dduu

TIME 1000 uSEC = 1000



P 60W2 3900/l\4/2.68

-;J=’----

—

—
—

1000 1500 2000 2500 3000
TIME IGOO USEC = 1000



P 800-3 3900/1/4/2.33

..
—

.;7=:—
---

5s0 1000 1500 2000 2500 3000 J5UU
TiME IO(IO USEC = 1000



-,

—

U19BG S 600-1 3900/5/20/0.03

5C3 1000 1500 2000 2500 3000 3500

TIME 5000 USEC = 1000



UlOBG S 600-2 3000/5/20/13.3

‘T

-.
--

—



U19BG S 600-3 3000/5/20/11.66----- -.
.&--

>--..-

—



8 w

■

d \
■■

■

I■

✎

■ I

■

■

■ I
■

■

■

m

■ ■ ■ ■ ■ ■

■
■

■ mm
-- .

■

■



Udm I

.

C4JPER

2 2.5 3
.4 —

.-.--
.J

2:9-

5?

n

1 -----
-..

.

.

.

.

.

+. . . . . . . . . . ------

5:C
2 2.5 ~

M

:“-...--:

9ULK
DENSITY

.

------- -----

VELOCITY

o Sooo

,

.

:

.

.

.

.

. .

. . .

:-

“1

I
..

I :- I
1 r
0 Sooo

u/s9D*Jl

STRAT

Qal

Tmrm

PTmd

A

aB-Aus-mo lssAlamoe



u IYAL

VELOCITY

o 6000

NEWSTRATFRACTURES3ULK
DENSITY

. 2

Tma
Trnap
Tmab
Tmrb

b
Hmlllfi

4. . I

. ..-
--

.-.
-- U -

v~-

4::-

c---
---

----
5.-

.

I

l“.”.” .“. ”J Tmrh
Tpcm
TpdI .“. ” “.”1. .

,.. . .1. . . . . . .

IIlltllllll[m. . . . . . ..

1

I

,.. . . .1
n . . . . . . . . ..1. .. . . . . . .. . . . . . . . .I. . . . . . . . . .. . . . . . . . . . I,.. . ---- .

i

.&----- . . . I

----- --------- -. .

[

----- --

! I
:. 1

. . .
j

0 6000
M/S

kab#- saM/1

1 2

U G/M-s m Alanloe



CALIPEF

‘T
L

.a -.-

2: c-

-t-.so-.

.

n 4:j -

:
.

i
r

---
3 ---

■

i
b
*-------- --

-.
.3

~ 3

u
.4-CIO-B:

~ULK
DENSITY

u 2

U19BA

VELOCITY FRACTURES NEWSTRAT

0 6000

.

1

,

.

.

------

.

4.

-..

●

,.

-

~
,.

,..

---

.m

. .

.--- b- -.-1

. . . I

. . . . . . . . .

1~. .,..:..
;. ; I. . .
j . . . . . . . . . . . ..-
,....:. . . . . . . . . . . .I

!. . . .
,.

~ I
,. “1
I “ .“ “.”. . ..1. .. .

I “d.... ......... ......
I . . . ...7

. . . . . .
. .

. . .
. . . . . . . :1
,.. . . . .“.i. .

.:. . . .

.,
I . . . . . . . ....

) ----- . -1
i I

Tma

Tmab
Tmrb

Tmra
Tmrh
Tpr

Tap
Tcps

M G/M-s

o 6~00
M/S

Lab.P s9n/1

al- Auc-sn a#-oc T-Bo lmsAlarno8



, ,. Ann

CALIPER

3

-?--

. ..-
*-’4

.

-.

n 4
..-
-.

s-.5-
-..

1

.-

.-

.-

9ULK
DENS’TY

2

-
.

-3.
1

--- ----- ------ ------

ulYwJ

vELOCITY

o 6000

M/s

FRACTURES NEWSTRAT

%

. .

i~.”j.:..:.
I . . . . . .

. . . . . . .
1 . . . . ..-. .-1

. . . . . .

. . . . . . . . .. . . . . . .
. . . . . . . . -. . . . . ----. . . . . . . .
. . . ----

. ..-. ---. . . . . . . .. . . .
. . . . . -----

,.. .
1 . . .

.5!“...:.:...:.

I
.............. . .............. ..-,.

i..
I . “ .“ : .:”.::i
1 . . . . . . . . .I

4

. .,.. . . . .~..”. . ..1 .. . ... . . .l.. -.
!.::.;,:j.:::::.:j.:.:.:.::~++$;<$.;:~;z;.... ..

bsAlan’m



LJ:3M1

VP - --- V5 COMI”)AI?150N
o ‘!000
I—— . .. . .. ——— ... ..- . ...— —. .- ... -.—

VP ■

Vs ●

o

1

— . . .

l--
I

100
.0

.t

00,●

w’
%

0’
..-

+-

aJ

. -.. — r .- ....—-—

——

.—

gm
%
I

●

0
,.



o

m

U1911A
vi) . ..-- VS COM1]AI?15(.)N

0 iiooo
—. -.—— . -——. . . . . .. .

VP ■

Vs ●

h 1= - ■

●0 h. ‘t

—-w

i!



o

!!

w

U19DG
Vp - VS COMPAR1’iON

o 6000
—.— . -——---——
VP ■

Vs ●

++

I

8

.—

■

B
8



U3MT

400

5ao
.

CALIPER

i
M

BULK MOD

0(

- .

- .
K

K
* .
x
x

*

F

x
- F

x

- .

A
0’

GPA

I
.

.

.

.

.

.

.

.

.

.

.

I

YOUNG

0 10
,

E

c
K
x

x

K
,
xx
J

,

r 1 - -
0 10 20

G PA

MOD SHEAR MOD

,.
GPA

POISSON

o

x

.
x

x
#

D

x

n

x

x t

x

+- =

x

t x
x

0
RATIO

STRAT



U19BA
YOUNG MOD SHEAR MOD

.

CALPIER BULK MOD

100 fl a

I
,

●

!
200

! 1

300 ‘
I

400

530

I

600

10 20 :

10 20 :
G PA

o 0

0 a
RATIO

Tacu

Tcpl

“Tma

-Tm nd
‘Trip
‘Tprp

-Tc h O
‘Tcp U



U19BG

.
.

CALlPER

a a

100

200
u

300 I

1

400

I

500

600

b

7005
a

M

BULK MOD YOUNG MOD SHEAR MOD

#

x
n

1 m 1

D
RATIO

STRAT

Tt t
Ttp
Tfcri
Tfbw
Tmau

Tnp

Tphr


